Aim: In 2013 the UKCAT included a non-cognitive situational judgement test in addition to the four cognitive subtests commonly used by UK dental schools to select students. However, little is known about the situational judgement test's psychometric properties and relationship to other selection tools. This study's aim was explore these issues to inform decisions about the inclusion of the UKCAT SJT in the dental student selection process.
Introduction
The UK Clinical Aptitude Test (UKCAT) is a selection tool used within the admission process for undergraduate dentistry entry by the majority of UK dental schools (1) . In 2013, a situational judgement test (SJT), designed to evaluate the non-cognitive attributes of integrity, perspective taking and team involvement, was added to the existing four cognitive subtests of the UKCAT. Use of the UKCAT SJT is optional; however, to our knowledge, it is not used summatively in the selection process of any UK dental school. The SJT comprises a series of ethical scenarios in relation to which candidates must rate the appropriateness or rank the importance of options in response to the scenario (2) . SJT raw scores are grouped into four bands (with Band 1 consisting of the top scoring candidates and Band 4 consisting of the lowest performing candidates) in common with other UK dental schools. At this school, we also only use applicants' scores in the four cognitive subtests of the UKCAT in our selection process. Applicants with predicted or achieved academic entry requirements are ranked by UKCAT cognitive scores to determine interview decisions, and offers of a place are then determined by the ranking of interview scores (3) . We have confidence in the validity of our interview process as studies have shown that carefully structured interviews like ours, which ask relevant and standardised questions, use panels of trained interviewers and validated scoring criteria can achieve acceptable inter-rater reliability (4, 5) .
Although there is increasing evidence of the reliability and validity of SJTs as a selection tool in a variety of contexts, including medicine, there is little evidence in respect of dentistry (6) (7) (8) (9) (10) (11) (12) . Moreover, there is a lack of evidence in the extant literature to inform the most valid, reliable and fair way to incorporate the SJT within undergraduate dental selection processes, which typically involve a variety of selection tools used in combination (13) . As such, there is a clear need for further research to quality assure the reasonableness of high-stakes decisions made by the use of the UKCAT SJT in the selection of dental students. The objective of this study was to enable informed decision-making on the use of the UKCAT SJT Band in undergraduate dental student selection and admissions. Our null hypothesis was that the UKCAT SJT does not add to the existing methods of this dental school to make valid, reliable and fair student selection decisions.
Materials and methods
Retrospective analysis of a cohort of UK domiciled applicants to a UK dental school's Bachelor of Dental Surgery (BDS) programme for entry in academic year 2014-2015 (n = 228). We examined (1) the impact of replacing the admission interview with achievement of SJT Band 1 or 2 as the criterion to determine offers of a place and (2) the impact of using weighted UKCAT subsection scores, including SJT, to rank applicants to decide on offers of an interview (see Table 1 for an explanation of weighting) (14). The impact of SJT usage was assessed by comparing what would have been the resultant offers and invitation to interview decisions with what actually occurred in selection. The impact of SJT usage on the socio-demographic profile of those receiving offers and those invited for interview was examined using chi-squared tests of independence.
Where appropriate, Spearman's or Pearson's correlations were used to examine the degree of association between SJT Band, UKCAT cognitive scores, interview scores and performance in three assessments taken in the first year of study of matriculates of the 2014-2015 application cohort. Cohen's guidelines were used to assess the strength of the associations: weak (0.1-0.29), moderate (0.3-0.49) and strong (0.50-1.0) (15) . Correlations between variables were uncorrected for restriction for range.
One-way between-groups analysis of variance (ANOVA) was employed to examine the association between levels of SJT Band and interview score. Goodman and Kruskal's gamma (À1 to +1 with 0 = no association) (16), a nonparametric measure of the strength and direction of association that exists between two variables measured on an ordinal scale, was used to examine the association between 'Red Flag' and SJT Band. Interviewees are 'red-flagged' if they receive a global rating of 'No' from an interviewer in answer to the question 'Would you like this candidate as your dentist (options no, maybe, yes)?'
Data
Applicant scores on the UKCAT cognitive subtests: Abstract Reasoning (AR), Verbal Reasoning (VR), Quantitative Reasoning (QR), Decision Analysis (DA), and Total UKCAT score (AR + VR + QR + DA), UKCAT SJT Band allocation, 1-4, and admissions interview score (see Table 2 for correspondence between SJT domains and attributes assessed by admission interview). Whether or not, an interviewee had received a 'Red Flag' (Yes =1, No = 0).
Applicant background measures included gender, disability status, type of school attended and a socio-economic contextual indicator, Participation of Local Neighbourhoods (POLAR3 quintile) (17) . POLAR3 is a postcode-based classification of UK Insight about illness and dentistry *The interview is designed to assess a range of personal attributes. Applicants select one of three alternative scenarios to consider, each of which centres on a contemporary ethical issue. The scenario forms the basis of four of the nine interview questions. Prior to the interview, applicants are asked to complete a written questionnaire, which aims to investigate their commitment and motivation to study dentistry. All nine interview questions assess communication skills (3) .
neighbourhoods by young peoples' participation rates in higher education (coded quintiles 1 and 2, the lowest rates, vs. 3, 4 and 5). There are many types of secondary school in the UK, and for the purposes of this analysis, we have categorised schools as either state or independent, with independent usually associated with fee-paying: school type coded state comprehensive/grammar/Sixth Form College/Further Education College vs. independent/private school, disability (declared disability, coded yes vs. no; Table 3 ). Background information was derived from the applicants' Universities and Colleges Admissions Service application forms (18) .
Outcomes used in the predictive validity analyses were the scores achieved by first-year dental students in two multiplechoice question format examinations of Integrated Dental Science (IDS 1 and IDS 2) and an assessment of Inter-Professional Engagement 1 (IPE 1). Both types of assessment are integral to courses across this dental schools' curriculum. The IDS assessment was chosen because it tests academic knowledge of dental practice and not specifically any non-cognitive attributes. In contrast, the IPE assessment was chosen because we believe that it provides a proxy measure of student's perspective taking and team involvement. The IPE assessment involves a 3-week placement within the community and requires a reflective report. Globally, the IPE assesses a number of personal attributes considered important for understanding and awareness of how different communities respond to dental health services and the issues and factors that impact the accessability of dental services.
Normally distributed variables have a skewness statistic (sk) of zero and a kurtosis statistic (k) of 3 (19) . Scores for total UKCAT (sk = À.21, k = 3.1), IDS 1 (sk = .37, k = 2.8), IDS 2 (sk = À.38, k = 2.8) and IPE 1 (sk = À.21, k = 3.1) were approximately normally distributed, but interview scores were not (sk = À.38, k = 2.2); however, logarithmic transformation changed the distribution closer to normality (sk = À.18, k = 3.03).
Ethics
Ethics approval was sought from the school's Ethics Committee and deemed not necessary as the data analysed were collected as part of routine audit work and anonymised.
Results

SJT Bands 1 and 2 to determine offer of a place
Using the school's normal admission process, 186 applicants were invited for interview, and 130 offers of a place were made to those who met or surpassed the admission interview threshold score (Fig. 1) . The mean interview score of those offered a place was 22.9 (SD = 2.6, minimum = 18.33, maximum = 29.67).
When SJT Bands 1 and 2 were used as the criterion for an offer of a place, 125 applicants were identified and, hypothetically, would have been offered a place. Their mean interview score was 20.9 (n = 125, SD = 4.2, minimum = 11, maximum = 29.7), and it included 33 applicants who originally had not been offered a place because they failed to meet the interview cut score (18.33 points). Importantly, 21 of these hypothetical offers would have been made to applicants who had been 'red-flagged' (five in Band 1 and 16 in Band 2) at interview by at least one interviewer (Fig. 1) . SJT Bands 3 and 4 contained twelve and three 'red-flagged' interviewees, respectively. Conversely, 38 applicants in Bands 3 and 4 originally offered a place would have been excluded (Fig. 1 ), 12 of whom had in fact accepted this school's offer and matriculated.
There was a weak positive association between receipt of a 'Red Flag' at interview and SJT Band level (G = .22, ASE = 0.15, Table 4 ). However, gamma was not significant.a That means, it is unlikely the result represents a true association in the population.
The use of SJT Bands 1 and 2 as the criteria for an offer did not appear to have an adverse equality impact. Chi-squared tests of independence revealed that the association between offer of a place, and, individually, gender, school type, POLAR3 and disability was not statistically significant. That is, the Significance of Gamma: assuming gamma in our population is zero (our null-hypothesis) and that our sampling distribution is normal, we would expect only a 5% chance of obtaining a gamma from a sample that is more than 1.96 standard deviations (standard errors) above the mean or 1.96 standard deviations (standard errors) below. However, z = 1.49 which does not fall within the critical region and thus we cannot reject the null-hypothesis; that there is no association between the variables in the population.
distribution of outcomes of offer of a place did not depend on the categories of gender, school type, POLAR3 and disability.
Weighted SJT Band and UKCAT cognitive scores
Ranking applicants by weighted SJT and UKCAT scores (and approximating the numbers actually invited for interview), 189 applicants would, hypothetically, have been invited for interview (41 in Band 1, 94 in Band 2, 50 in Band 3 and 4 in Band 4). This included 25 applicants who originally had not been invited for interview. The mean total UKCAT score (cognitive tests) of those invited for interview using the weighted system was 2661 (SD = 204.6, min = 2240, max = 3220) some 40 points greater than those invited using our normal selection process (M = 2620, SD = 250.5, min = 1930, max = 3220). Applicants who did well in the SJT appeared to do well in the UKCAT cognitive tests. Amongst the 189 applicants invited for interview using the weighted system, 29 had been interviewed using our normal selection process and had received a 'Red Flag' from one or more interviewers.
The use of weighted SJT and UKCAT scores to determine invitation for interview decisions did not appear to have an adverse equality impact. Chi-squared tests of independence revealed that the association between invitation for interview, and, individually, gender, school type, POLAR3 and disability was not statistically significant. That is, the distribution of outcomes of invitation to interview did not depend on the categories of gender, school type, POLAR3 and disability.
Correlations
There was a significant, weak-to-moderate, negative Spearman's correlation between total UKCAT score and SJT Band (n = 228, r s = À0.38, P < 0.01). The individual UKCAT cognitive subtests were also significantly correlated with SJT Band (Table 5 ). The coefficients show that as UKCAT scores increased, SJT Band classification tended to decrease (SJT Band 1 = highest, SJT Band 4 lowest). Results show a positive and significant relationship between SJT and UKCAT cognitive ability tests. Applicants who did well in the SJT tended to do well in the UKCAT cognitive tests.
We found a significant, weak, negative correlation between SJT Band and the scores of those interviewed (n = 186, r s = À0.17, P < 0.05; Table 5 ). As interview score increased, SJT Band classification tended to decrease. Those who performed well in the SJT tended to perform well in this school's admission interview.
However, analysis of variance revealed that only the mean interview score of those in SJT Band 1 was significantly different from the grand mean of all interview scores. Moreover, only the mean scores of applicants in Band 1 and Band 3 were significantly different from each other (Table 6 ). A finding indicated that SJT Band discriminated poorly in respect of interview score (Fig. 1) .
Correlations between SJT Band and scores in first-year assessments of Integrated Dental Science 1 (n = 44, r s = À0.33, P = 0.14), Integrated Dental Science 2 (n = 44, r s = À0.24, P = 0.12) and Inter-Professional Engagement 1 (n = 44, r s = À0.15, P = 0.34) were not statistically significant (Table 5) .
Correlations between interview score and scores in first-year assessments of Integrated Dental Science 1 (n = 44, r = À0.01, P = 0.89), Integrated Dental Science 2 (n = 44, r = À0.07, P = 0.62) and Inter-Professional Engagement 1 (n = 44, r = À0.04, P = 0.79) were also not statistically significant ( Table 5) .
The correlations between total UKCAT score and scores in first-year assessments of Integrated Dental Science 1 (n = 44, r = 0.32, P < 0.01) and Integrated Dental Science 2 (n = 44, r = 0.38, P < 0.05) were statistically significant, but not at the individual UKCAT subtest level ( Table 5) .
The correlation between total UKCAT score and Inter-Professional Engagement 1 (n = 44, r = À0.04, P = 0.79) was not statistically significant, nor between UKCAT subtests and InterProfessional Engagement 1 (Table 5 ).
Discussion
The objective of this study was to enable informed decisionmaking on the use of the UKCAT SJT Band in this school's undergraduate dental student selection and admission process. This study has shown that the use of the SJT, in terms of the consequential aspect of validity, impacted unfairly on offer decisions and outcomes. As Patterson et al. point out, selection methods 'must discriminate fairly between applicants and ensure few 'false-negative' decisions (i.e. where applicants who are potentially successful at interview are rejected)' (12). This was not the case when the SJT was used instead of the interview to determine offers of a place. A significant proportion of those who had originally been made an offer were displaced by applicants who had underperformed at the interview and had not received an offer. Clearly, applicants with theoretically 'false-positive' offer outcomes performed well in respect of integrity, perspective taking and team involvement as measured by the UKCAT SJT. They may also have performed well in respect of these attributes as measured by this school's interview. Nevertheless, these applicants did not demonstrate at interview many of the personal attributes this dental school considers important for a dentist and, consequently, were not offered a place. More importantly, candidates who had been 'red-flagged' by one or more interviewees as potentially unsuitable to be a dentist would have been made an offer of a place. Analysis of the association between the variables 'Red Flag' and SJT Band indicated that applicants who had raised concern at interview about their suitability to study dentistry appeared to be randomly distributed across SJT Bands. This rather undermines the view that SJTs are a more effective and generally fairer selection method than traditional interviews (13) .
The results indicated that applicants who performed well in the SJT tended to perform well at the selection interview. This was not unexpected, as this school's standardised admission interview includes assessment of the attributes (perspective taking, integrity and team involvement) measured by the SJT. However, the correlation between SJT Band and UKCAT scores indicated that they measure overlapping constructs, which somewhat diminishes the construct validity evidence in support of use of the SJT. This finding concurs with other studies which have found that, although designed to measure non-cognitive attributes, variance in SJT scores can be partially explained by cognitive ability (20, 21) . As Husbands et al. point out, a positive correlation between SJT and cognitive ability is undesirable for two reasons: first, because it points to the redundancy of the SJT and second, because 'cognitive ability tests are often associated with adverse impacts against certain ethnic minority subgroups' (22) . Indeed, there is evidence that the UKCAT (cognitive tests) is as sensitive to socio-demographic characteristics as tests of cognitive ability such as the Advanced Level General Certificate of Education (A-level) (23) and that scores on both are lower for applicants from underrepresented backgrounds (24) , and offers of a place less likely (25) . The A-Level is a subject-based qualification taken by students completing secondary or pre-university education in the UK. We acknowledge that a recent study found the relationship between SJT and UKCAT scores was not statistically significant (22) .
Additionally, neither the SJT Band nor interview score predicted first-year dental student examination performance in the assessments of Integrated Dental Science. This was not unexpected as the outcome criteria measured by the assessments focus on the acquisition of academic knowledge and not noncognitive attributes and inter-personal interactions. Thus, the finding of no correlation with a measure of a completely different ability may add some criterion-related validity evidence in support of the use of the UKCAT SJT. Moreover, neither the SJT Band nor interview score predicted performance in the assessment of Inter-Professional Engagement. However, the SJT and the structured interview may be less predictive of performance in the early years of dental school, which tends to be more academically focussed.
More positively, in respect of widening access, this study's findings concur with previous research that has shown SJTs are less sensitive to socio-demographic characteristics (26, 27) . The individual associations between gender, school type, POLAR3, disability and whether an applicant received an offer or not using the SJT instead of the school's admission interview were not statistically significant.
The finding that the UKCAT cognitive scores correlated positively with performance in first-year BDS multiple-choice question examinations of academic ability appears to provide predictive validity evidence in support of the UKCAT. We urge caution in interpreting this finding given this study's small sample size. In contrast, a multiple regression analysis, powered by a much larger sample and adjusted by demographic factors and prior academic achievement, found that UKCAT cognitive scores did not correlate with examination performance in the first year of dental school (28) . At this time, the predictive validity evidence in support of using the UKCAT cognitive scores in selection to dentistry is ambivalent.
Ranking applicants by weighted SJT and UKCAT scores to determine invitation for interview highlighted the 'undesirable' correlation between UKCAT cognitive tests and the UKCAT SJT (22) . More importantly, those invited for interview using this system would have included many who had actually received a 'Red Flag' at interview. Clearly, the SJT had limited utility to deselect potentially unsuitable applicants when incorporated into the selection process at pre-interview stage. However, we acknowledge that this may be question of weighting and evidence from other studies suggests the contrary (13) . We decided to model the replacement of the admission interview with UKCAT SJT performance to determine an offer of place, rather than using scores from both in conjunction, because we wished to clearly establish the SJT's independent effect on offer outcomes, that is whether or not the SJT rejected applicants who had met the (predicted/achieved) academic entry requirements and UKCAT threshold and who had been made a post-interview offer. Indeed, computer-delivered and machine-marked SJTs are often used in the early stages of selection because of their ability to reduce a large applicant pool to a feasible and cost-effective size prior to interview (26) , whether used as an initial applicant screening tool or, in conjunction with, an aptitude entry test (21) . We acknowledge that long-term validity studies may yet show that, when used in combination with structured interviews, the SJT may add significant value to the selection process. However, this was beyond the scope of this exploratory study. Nevertheless, a key finding of this study is that it reinforces the view that optimal combinations of selection tools remain a major research challenge.
The aims of this study align with those of a recent systematic review that identified the need for research into the 'gaps in evidence for the combination of selection tools that is most effective and the weighting to be given to each tool' (13) . We acknowledge that there is no 'gold standard' selection tool and that selection assessments 'are not valid or invalid, rather assessment scores have more (or less) validity evidence to support the proposed interpretations (29) .' This applies as equally to this school's structured interview as it does to the UKCAT SJT. We recognise that use of the SJT would not result in the same selection decisions as made by this school's interview-based process. However, validity should be approached as a hypothesis, with data collected to support or fail to support the proposed score interpretations, at a given point in time (29) . In the context of this dental school's selection process, this study's findings failed to support the use of the UKCAT SJT, either in lieu of the structured interview or weighted in conjunction with the UKCAT cognitive scores,
We acknowledge the variety of admission processes and different weighting of selection tools used by UK dental schools, variance in curricula and assessment methods, and the limitations this imposes on the generalisability of these findings. Furthermore, this is compounded by the relatively small sample size. Nevertheless, we believe that single-institution studies can make an important contribution to the aim of identifying best practice in the selection of dental students.
Conclusions
Within the limitations of this study, the findings do not provide support for the use of the UKCAT SJT in this school's undergraduate dental student selection process. In our hands, the UKCAT SJT does not offer an acceptable alternative to the structured interview within dental student selection. The findings also show that the weighting of UKCAT scores, including SJT to determine interview invitation decisions, is not a suitable alternative to the current UKCAT ranking process. The weight of evidence of this study supported acceptance of the null hypothesis that the UKCAT SJT does not add value to the ability of the existing methods of this dental school to make valid, reliable and fair student selection decisions.
